Introduction
Analysis of genetic relationships in crops is a prerequisite for crop breeding programs, as it serves to provide information about genetic variation (10) . lack of genetic diversity can potentially lower the resistance of cropping systems to unknown or evolving pests, pathogens, or adverse environmental conditions. Diversity studies based on morphological traits may not be completely reliable because the traits are influenced by environment. Molecular diversity evaluated by using molecular markers is independent of environmental influences and can be estimated by using DnA from any growth stage (21) . Molecular characterization is now the favored means to quantify variation within germplasm samples (5).
Molecular markers have elucidated the structure of genetic diversity in a wide range of plant species. Molecular diversity studies evaluate all levels of genetic structure, ranging from relationships between species complex components to the origin of particular genotypes (8) . For these purposes, different marker systems such as AFlP (1, 21) , iSSR (4, 20) , RAPD (9) and SSR (26) have been used. the inter simple sequence repeat (iSSR) technique is a PcR based method that is highly effective in plant fingerprinting and phylogenetics studies (23) . ISSR analysis involves amplification of regions between adjacent and inversely oriented microsatellites using di-, tri-, tetra-and pentanucleotide SSR primers, with the advantage the that knowledge of the DnA sequence of the target regions is not needed. This marker combines most of the benefits of AFLP and SSR analysis with the universality of RAPD (4, 16) .
Our objectives in the present study were: 1) to determine the genetic diversity in wheat genotypes using iSSR markers, and 2) to assess the informativeness of the markers for detecting molecular variation.
Materials and Methods
Plant materials thirty wheat genotypes ( 
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DNA extraction and ISSR amplification
Wheat young leaves were harvested from all genotypes and used for DnA isolation using the ctAB method described by Murray and thompson (11) . Fifteen iSSR markers were used for screening all the genotypes and revealing the genetic diversity. PCR amplification was conducted according to Williams et al. (25) with the exception that the reactions were performed in a volume of 25 μl in a CPRBETT Research thermocycler. Amplified PCR products were run in 1.2% agarose gels. Gels were stained with ethidium bromide and visualized with a UV transilluminator. ten out of 15 iSSR primers produced high resolution bands for all samples and were used for data analysis ( Table 2) .
Statistical analysis
iSSR markers were scored for the presence (1) or absence (0) of amplified bands for each of 30 samples. The ISSR binary data matrix was used to calculate the Jaccard similarity coefficient. Cluster analysis was performed via complete linkage method using ntSYS-pc software version 2.02 (18). , where p i is the frequency of the ith allele of the locus in the set of thirty wheat genotypes. eMR is the product of the fraction of polymorphic bands and the number of polymorphic bands (9) . Mi was determined according to Powell et al. (15) 
Results and Discussion
Fifteen iSSR primers were initially screened for their ability to produce polymorphic patterns across the thirty wheat genotypes. ten primers which were repeatable and produced high resolution bands for all the genotypes were selected for evaluation of genetic diversity in the accessions ( Table 3) .
ISSR polymorphism
The ten ISSR primers amplified a total of 86 bands in the set of thirty wheat accessions, of which 69 bands were polymorphic. The number of bands varied from five (UBC-822) to twelve (UBc-834 and UBc 840). the percentage of polymorphic bands (PPB) ranged between 60 and 100 with an average of 80.2% (Table 3) . the mean numbers of bands and polymorphic bands per primer were 8.6 and 6.9, respectively. Table 3) . Primers based on more infrequent tetranucleotide SSRs amplified few bands in rice (3), while they detected more polymorphism in Dent and Popcorn (7) . the iSSR primers with dinucleotide motifs (GA)n, (ct)n and (AG)n produced a high level of polymorphism ( Table 3) . these results are in agreement with those of carvalho et al. (4) who reported that dinucleotide primers were more suitable for amplifying iSSRs in bread and durum wheat. SSRs seems to be randomly distributed in the genome, and (GA) n dinucleotide repeats are most abundant in plant species (19, 24) .
Polymorphism information content (PIC)
the Pic values for the ten primers varied from 0.13 to 0.42 with an average of 0.22. the lowest and highest Pic indices were recorded for primer UBc-811 and UBc-815, respectively. More than half of the primers (6) showed Pic values between 0.21 and 0.23 (Table 3) . the moderate values of Pic for the iSSR primers could be attributed to the diverse nature of the wheat accessions and/or highly informative iSSR markers used in this study. the Pic index has been used extensively in many genetic diversity studies (20, 21, 22) .
Marker index (MI) and effective multiplex ratio (EMR)
Mi is a feature of a marker and was calculated for all the primers. the Mi values ranged between 0.41 and 3.36. the maximum Mi (3.36) was observed for the primer UBc-815 and the minimum Mi (0.41) was obtained with iSSR primers UBc-822 and UBc-876. the primers that showed higher polymorphism had higher eMR values. this feature varied from 1.8 to 12 with a mean value of 5.69. Mi was positively correlated with Pic (r = 0.79, P < 0.01). A positive correlation was found between eMR and PPB (r = 0.896, P < 0.001). eMR is the product of the fraction of polymorphic bands and the number of polymorphic bands and Mi is the product of Pic and eMR, therefore the higher polymorphism provides higher eMR. these two features have been used to evaluate the discriminatory power of molecular marker systems in some plant species e.g. apricot (iSSR, eMR = 4.8, Mi = 3.74) (9), Jatropha (AFlP, eMR = 97, Mi = 25.13) (21), Pongamia (AFlP, eMR = 77.2, Mi = 16.83) (22) . in our assessment, eMR varied from 1.8 to 12 (average 5.69) and Mi was reported in the range of 0.41-3.36 (average 1.34).
Resolving power (RP)
the estimates of RP ranged from 7.2 to 16.5 with an average of 12 per primer. the highest RP was recorded for the primer UBc-845 (16.5) followed by UBc-834 (15.7) and the lowest value was scored with the primers UBc-815 (7.2) and UBc-822 (7.3). RP was positively correlated with the total amplified bands (r = 0.732, P < 0.05). Prevost and Wilkinson (17) introduced the RP (resolving power) index that provides a moderately accurate estimate of the number of genotypes identified by a primer. Three of the ISSR primers (834, 840 and 845) possessed high RP values (15.7, 14.9 and 16.5, respectively) and therefore seem to be the most informative primers for distinguishing the genotypes. RP had no significant correlation with the other parameters e.g. PPB, Pic, eMR and Mi in this study. the resolving power provides no information on the ability of a primer to reflect the genetic or taxonomic relationships of a group of genotypes under study (17) .
Genetic relationships among wheat genotypes
Jaccard similarity matrix based on iSSR binary data was used to group the wheat accessions using the complete linkage (clinK) method. the dendrogram obtained from the method, in comparison with the UPGMA method had higher cophenetic correlation and no chaining. Genetic similarity ranged between 0.48 and 0.91 (data not shown). The dendrogram classified the thirty wheat genotypes into five clusters (Fig. 1) . cluster 1 included genotypes 1 and 23. Accessions 7, 19, 26, 25, 10, 30 and 29 were grouped in the second cluster. cluster 3 contained five genotypes (8, 22, 28, 9 and 24) . Cluster 4 contained a total of 13 genotypes (2, 3, 5, 15, 18, 6, 14, 12, 20, 16, 17, 21 and 4) . Genotypes 11, 27 and 13 were grouped in cluster 5. the principle coordinate analysis results are illustrated in Fig. 2 . The thirty genotypes were grouped into five groups based on two-dimensional graph. Group 1 contained genotypes 1 and 23. Group 2 included 10 genotypes (7, 19, 20, 22, 28, 8, 26, 10, 30 and 29) . the third group contained accessions 11, 27, 28, 25, 9 and 24. Group 4 contained a total of 12 genotypes (2, 3, 5, 15, 18, 6, 14, 12, 16, 17, 21 and 4) . Group 5 included only genotype 13. the results of the two methods (cluster analysis and principle coordinate analysis) were comparable. Both of them classified the 30 wheat accessions in 5 groups and presented similar grouping of the genotypes with some minor disagreements. the obtained clusters/groups were not in accordance with the known geographical location.
Conclusions
the present study showed that iSSR analysis is quick and reliable. The marker system provided sufficient polymorphism and reproducible fingerprinting profiles for evaluating genetic diversity of wheat genotypes. Mi and RP are proposed as marker parameters for selecting informative primers. Molecular variation assessed in this study in combination with agronomic and morphological characters of wheat can be useful in traditional and molecular breeding programs.
